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,IANAS REDUCE CARBON ACCUMULATION AND STORAGE IN
TROPICAL FORESTS
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4ROPICAL FORESTS STORE VAST QUANTITIES OF CARBON ACCOUNT FOR A THIRD
OF THE CARBON lXED BY PHOTOSYNTHESIS AND ARE A MAJOR SINK IN THE
GLOBAL CARBON CYCLE 2ECENT EVIDENCE SUGGESTS THAT COMPETITION
BETWEEN LIANAS WOODY VINES	 AND TREES MAY REDUCE FORESTWIDE
CARBON UPTAKE (OWEVER ESTIMATES OF THE IMPACT OF LIANAS ON
CARBON DYNAMICS OF TROPICAL FORESTS ARE CRUCIALLY LACKING (ERE WE
USED A LARGESCALE LIANA REMOVAL EXPERIMENT AND FOUND THAT THREE
YEARS AFTER LIANA REMOVAL LIANAS REDUCED NET ABOVEGROUND CARBON
UPTAKE GROWTH AND RECRUITMENT MINUS MORTALITY	 BY ∼ PER
YEAR MOSTLY BY REDUCING TREE GROWTH 4HE LOSS OF CARBON UPTAKE
DUE TO LIANAINDUCED MORTALITY WAS TIMES GREATER IN THE CONTROL
PLOTS WERE LIANAS WERE PRESENT BUT HIGH VARIATION AMONG PLOTS
PREVENTED A SIGNIlCANT DIFFERENCE AMONG THE TREATMENTS ,IANAS
ALTERED HOW ABOVEGROUND CARBON WAS STORED )N FORESTS WHERE
LIANAS ARE PRESENT THE PARTITIONING OF FOREST ABOVEGROUND NET
PRIMARY PRODUCTION IS DOMINATED BY LEAVES  COMPARED TO
 IN LIANAFREE FORESTS	 AT THE EXPENSE OF WOODY STEMS FROM
 COMPARED TO 	 RESULTING IN A MORE RAPID RETURN OF
lXED CARBON TO THE ATMOSPHERE !FTER THREE YEARS OF EXPERIMENTAL
LIANA REMOVAL OUR RESULTS CLEARLY DEMONSTRATE LARGE DIFFERENCES IN
CARBON CYCLING BETWEEN FORESTSWITH ANDWITHOUT LIANAS #OMBINED
WITH THE RECENTLY REPORTED INCREASES IN LIANA ABUNDANCE THESE
RESULTS INDICATE THAT LIANAS ARE AN IMPORTANT AND INCREASING AGENT
OF CHANGE IN THE CARBON DYNAMICS OF TROPICAL FORESTS
,IANAS | 4ROPICAL FORESTS | CARBON SEQUESTRATION | CARBON STORAGE |
CARBON BALANCE
)NTRODUCTION
-JBOBT 	XPPEZ WJOFT
 BSF B LFZ DPNQPOFOU PG MPXMBOE USPQJDBM
GPSFTUT DPNNPOMZ DPOUSJCVUJOH NPSF UIBO  PG UIF XPPEZ
TUFNT BOE TQFDJFT BOE DPNQFUJOH JOUFOTFMZ XJUI USFFT #Z SFMZJOH
PO UIF TUSVDUVSBM JOWFTUNFOU PG USFFT GPS TVQQPSU MJBOBT BSF
BCMF UP BMMPDBUF B IJHIFS QSPQPSUJPO PG CJPNBTT UIBO USFFT JOUP
UIF QSPEVDUJPO PG GPMJBHF SBUIFS UIBO DBSCPOEFOTF TUFNT 	

-JBOBT UIFNTFMWFT UIFSFGPSF DPOUSJCVUF SFMBUJWFMZ MJUUMF UP GPSFTU
MFWFM CJPNBTT 	
 )PXFWFS UIF FDPMPHJDBM FGGFDUT PG MJBOBT NBZ
CF NPSF FYUFOTJWF UIBO UIFJS SFMBUJWFMZ NPEFTU DPOUSJCVUJPO UP
CJPNBTT TVHHFTUT -JBOBUSFF DPNQFUJUJPO DBO CF GBS NPSF JOUFOTF
UIBO USFFUSFF DPNQFUJUJPO 	
 TVCTUBOUJBMMZ SFEVDJOH USFF HSPXUI
	
 GFDVOEJUZ 	
 BOE TVSWJWBM 	
 'VSUIFSNPSF MJBOBT NBZ
DPOTUSBJO OFU BCPWFHSPVOE GPSFTU QSJNBSZ QSPEVDUJWJUZ JF UIF
UPUBM BNPVOU PG DBSCPO GJYFE JOUP CPUI DBOPQZ NBUFSJBM 	MFBWFT
GMPXFST GSVJUT BOE TFFET
 BOE XPPEZ TUFNT 	
 CZ GBJMJOH UP
DPNQFOTBUF GPS UIF CJPNBTT UIBU UIFZ EJTQMBDF JO USFFT 	

3FDFOU FWJEFODF JOEJDBUFT UIBU MJBOBT BSF OPX JODSFBTJOH JO
BCVOEBODF BOE CJPNBTT JO USPQJDBM GPSFTUT QPTTJCMZ CFJOH ESJWFO
CZ B DPNCJOBUJPO PG JODSFBTFE BUNPTQIFSJD $0 DPODFOUSBUJPO
DIBOHJOH DMJNBUJD DPOEJUJPOT BOE TFBTPOBM ESPVHIUT BT XFMM BT
JODSFBTFE OBUVSBM BOE BOUISPQPHFOJD EJTUVSCBODFT 	
 5IF
JODSFBTF JO MJBOBT DPNCJOFE XJUI UIF PCTFSWBUJPOT UIBU MJBOBT DBO
SFEVDF JOEJWJEVBM USFF HSPXUI CZ VQ UP  	
 BOE JODSFBTF USFF
NPSUBMJUZ SJTL UXP UP UISFFGPME 	
 IBT NBEF JU QFSUJOFOU UP
JOWFTUJHBUF UIF FGGFDU PG MJBOBT PO GPSFTUMFWFM CJPNBTT EZOBNJDT
UP CFUUFS QSFEJDU UIF FGGFDU PG JODSFBTJOH MJBOB BCVOEBODF PO
USPQJDBM GPSFTUT 0OMZ GFX TUVEJFT TP GBS IBWF BUUFNQUFE UP BTTFTT
UIF JNQBDU PG MJBOBT PO USPQJDBM GPSFTUT CJPNBTT EZOBNJDT 	
  
 5IFTF TUVEJFT JOEJDBUFE UIBU UIF QSFTFODF PG MJBOBT
DBO SFEVDF TUBOEMFWFM CJPNBTT HSPXUI CZ ∼ 	
 BOE OFU
GPSFTU CJPNBTT BDDVNVMBUJPO CZ VQ UP  	
 BOE UIBU GPSFTU
DBSCPO TUPDLT EFDSFBTF XJUI JODSFBTJOH MJBOB BCVOEBODF 	

)PXFWFS UIFTF TUVEJFT GPDVTFE QSJNBSJMZ PO USFF HSPXUI BMPOF
	
 XFSF SFTUSJDUFE UP GPSFTU USFFGBMM HBQT 	
 PS XFSF QVSFMZ
PCTFSWBUJPOBM 	 
 5IVT UIF JNQBDUT PG MJBOBT PO GPSFTUMFWFM
DBSCPO EZOBNJDT SFNBJO QPPSMZ VOEFSTUPPE /POFUIFMFTT UIFTF
JOJUJBM TUVEJFT JOEJDBUF UIBU JODSFBTJOH MJBOB BCVOEBODF NBZ BMUFS
UIF DBSCPO CBMBODF BOE DZDMF PG USPQJDBM GPSFTUT CZ SFEVDJOH GPSFTU
MFWFM DBSCPO TUPSBHF BOE TFRVFTUSBUJPO 5SPQJDBM GPSFTUT TUPSF BOE
TFRVFTUFS WBTU BNPVOUT PG DBSCPO BOE DVSSFOUMZ DPOUSJCVUF UP BQ
QSPYJNBUFMZ  PG UIF UFSSFTUSJBM DBSCPO TJOL 	
 UIFSFGPSF
UIF JODSFBTF JO MJBOB BCVOEBODF BOE CJPNBTT NBZ IBWF QSPGPVOE
JNQMJDBUJPOT GPS UIF GVUVSF PG UIF USPQJDBM GPSFTU DBSCPO CBMBODF
	   
 BOE IFODF GPS HMPCBM DMJNBUF DIBOHF
)FSF XF QSFTFOU SFTVMUT GSPN B MBSHFTDBMF MJBOB SFNPWBM
FYQFSJNFOU JO UIF #BSSP $PMPSBEP /BUVSF .POVNFOU JO UIF
3FQVCMJD PG 1BOBNB 	#$/.
 5IF BJN PG UIJT TUVEZ XBT UP
TJNVMBUF B GPSFTU UIBU JT FTTFOUJBMMZ MJBOBGSFF UP BTTFTT UIF GPSFTU
MFWFM JNQBDUT PG MJBOBT PO BCPWFHSPVOE OFU QSJNBSZ QSPEVDUJWJUZ
BOE DBSCPO CBMBODF DPNQBSFE UP VONBOJQVMBUFE DPOUSPM QMPUT
XIFSF MJBOBT XFSF QSFTFOU 5IF FYQFSJNFOUBM EFTJHO DPOTJTUFE PG
TJYUFFO  Y  N 	 IB
 QMPUT MPDBUFE XJUIJO UIF ∼ ZFBS
PME TFDPOEBSZ GPSFTU BSFB PG (JHBOUF 1FOJOTVMB PG UIF #$/. *O
FJHIU QMPUT XF DVU BMM MJBOBT BU UIF CBTF MFBWJOH UIF SFNBJOJOH
FJHIU QMPUT BT VONBOJQVMBUFE DPOUSPMT *O FBDI QMPU XF DPMMFDUFE
3IGNIlCANCE
4ROPICAL FORESTS STORE NEARLY  OF GLOBAL TERRESTRIAL CARBON
AND CONTRIBUTE TO  OF THE GLOBAL TERRESTRIAL CARBON SINK
"Y IMPACTING ON TREE GROWTH AND SURVIVAL LIANAS IMPACT THE
CARBON BALANCE OF THESE FORESTS (ERE WE DEMONSTRATE WITH A
THREEYEAR EXPERIMENT THAT LIANAS SUBSTANTIALLY REDUCE FOREST
LEVEL CARBON UPTAKE AND STORAGE 4HIS STUDY IS THE lRST DIRECT
DEMONSTRATION OF LIANA EFFECTS AT THE ECOSYSTEM SCALE AND
ILLUSTRATES THE IMPORTANT ROLE OF LIANAS IN TROPICAL FORESTS PAR
TICULARLY WITH RESPECT TO CARBON BUDGETS ,IANAS ARE INCREASING
IN BIOMASS AND PRODUCTIVITY THROUGHOUT THE TROPICS AND THUS
OUR lNDINGS HAVE EVEN GREATER RELEVANCE IN TERMS OF THE FATE OF
THE TROPICAL CARBON BALANCE AS WELL AS FOR GLOBAL ATMOSPHERIC
#/ LEVELS IN A CHANGING CLIMATE
2ESERVED FOR 0UBLICATION &OOTNOTES
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&IG  "AR PLOTS DENOTING MEDIAN AND  BOOTSTRAP CONlDENCE INTERVAL OF
A	 NET CHANGE IN BIOMASS B	 BIOMASS GROWTH C	 BIOMASS RECRUITMENT AND
D	 BIOMASS MORTALITY OF TREES PLUS LIANAS -G # HA YR	 IN THE CONTROL PLOTS
N WHITE BARS	 AND TREES ONLY IN THE REMOVAL PLOTS N DARK GREY BARS	
FOR EACH OF THE THREE YEARS OF THE EXPERIMENT !STERISKS DENOTE SIGNIlCANCE
LEVELS 
   0   

 0 ื 
MJUUFSGBMM NPOUIMZ BOE NFBTVSFE EJBNFUFST BOE GPS BMM USFFT ุ
DN EJBNFUFS BOE MJBOBT ุ  DN 	JO UIF DPOUSPM QMPUT
 CJBOOVBMMZ GPS
UISFF ZFBST JO UIF DFOUSBM  Y  N BSFB 8F BQQMJFE BMMPNFUSJD
FRVBUJPOT UP DPOWFSU USFF BOE MJBOB EJBNFUFST UP XPPEZ CJPNBTT
BOE DBSCPO 	
 /FU CJPNBTT DIBOHF GPS FBDI ZFBS PG UIF
FYQFSJNFOU XBT EFGJOFE BT UIF EJGGFSFODF CFUXFFO UIF TUBOEJOH
XPPEZ CJPNBTT BU UIF FOE BOE UIF CFHJOOJOH PG UIF ZFBS 8F EF
SJWFE BCPWFHSPVOE CJPNBTT 	"(#
 JODSFNFOU CBTFE PO HSPXUI
	JF HSPXUI PG TVSWJWJOH USFFT BOEPS MJBOBT
 BOE SFDSVJUNFOU 	JF
MJBOBT BOEPS USFFT UIBU SFBDIFE B EJBNFUFS ุ  DN BOE ุ 
DN SFTQFDUJWFMZ
 BT XFMM BT "(# MPTT CBTFE PO NPSUBMJUZ 	JF
MJBOBT BOEPS USFFT UIBU EJFE
 GPS FBDI ZFBS PG UIF FYQFSJNFOU
"CPWFHSPVOE XPPEZ TUFN QSPEVDUJWJUZ XBT EFGJOFE BT UIF TVN
PG HSPXUI BOE SFDSVJUNFOU PG USFFT BOEPS MJBOBT BOE DBOPQZ
QSPEVDUJWJUZ BT UIF UPUBM BNPVOU PG MJUUFSGBMM JO FBDI ZFBS PG UIF
FYQFSJNFOU "MM CJPNBTT NFBTVSFT BSF SFQPSUFE JO VOJUT PG DBSCPO
	.H $ IB PS .H $ IB ZS
 XJUI UIF  CPPUTUSBQ DPOGJEFODF
JOUFSWBM BT UIF VODFSUBJOUZ NFBTVSF 	TFF.BUFSJBMT BOE.FUIPET

2ESULTS AND $ISCUSSION
-JBOBT SFEVDFE NFEJBO GPSFTUMFWFM OFU CJPNBTT BDDVNVMBUJPO CZ
 	 CPPUTUSBQ DPOGJEFODF JOUFSWBM  ದ 
 XIJDI JT
FRVJWBMFOU UP .H$ IB ZS 	 ದ 
 #Z ZFBS UISFF PG UIF
FYQFSJNFOU GPSFTUT XJUI MJBOBT BDDVNVMBUFE  .H $ IB ZS 	
 ದ 
 XIFSFBT UIF MJBOBGSFF QMPUT BDDSVFE  .H $ IB
ZS 	 ದ 
 	'JH B 4* "QQFOEJY 
 5IF SFEVDUJPO JO DBSCPO
JO UIF QSFTFODF PG MJBOBT XBT BUUSJCVUBCMF QSJNBSJMZ UP CPUI MPXFS
USFF CJPNBTT HSPXUI 	'JH C
 BOE BO JODSFBTF JO USFF NPSUBMJUZ
	'JH E
 XIJDI FYQMBJOFE  	 ದ 
 BOE  	
ದ 
 SFTQFDUJWFMZ 	4* "QQFOEJY 
 5IF MPTT PG CJPNBTT GSPN
NPSUBMJUZ JO UIF MJBOBGSFF GPSFTUT XBT MPXFTU JO ZFBS UISFF XIFO
JU XBT  MPXFS UIBO JO DPOUSPM QMPUT IPXFWFS EVF UP UIF MBSHF
WBSJBUJPO JO NPSUBMJUZ BNPOH QMPUT EJGGFSFODFT BNPOH USFBUNFOUT
XFSF OPU TJHOJGJDBOU )PXFWFS PWFS B MPOHFS UJNF QFSJPE XF
XPVME NPSF DPNQMFUFMZ DBQUVSF UIF MJBOBJOEVDFE FGGFDUT PO USFF
NPSUBMJUZ 5SFF SFDSVJUNFOU FYQMBJOFE BO BEEJUJPOBM  	 ದ

 PG UIF MJBOBJOEVDFE SFEVDUJPO JO OFU DBSCPO VQUBLF 	'JH
D

#FDBVTF CJPNBTT EZOBNJDT PG MJBOBT BSF JODMVEFE JO UIF
XIPMFGPSFTU FTUJNBUFT PVS GJOEJOHT DPSSPCPSBUF FBSMJFS SFTFBSDI
UIBU MJBOBT UIFNTFMWFT EP OPU DPNQFOTBUF GPS UIF MPTT JO USFF
CJPNBTT UIBU UIFZ DBVTF 	  
 -JBOBT QFSVOJU CJPNBTT IBWF B
NVDI TUSPOHFS DPNQFUJUJWF FGGFDU PO USFFT UIBO EP PUIFS USFFT 	

BOE PVS GJOEJOHT BQQFBS UP SFQSFTFOU UIF VOJRVF FGGFDU PG MJBOBT
PO GPSFTU DBSCPO EZOBNJDT BOE OPU NFSFMZ UIF FGGFDU PG CJPNBTT
SFNPWBM 5IJT QPJOU JT DPOGJSNFE CZ PVS JODMVTJPO PG MJBOBT JO UIF
CJPNBTT DBMDVMBUJPOT JO UIF DPOUSPM QMPUT #JPNBTT BDDVNVMBUJPO
PG USFFT HSPXJOH XJUIPVU MJBOBT XBT  	 CPPUTUSBQ DPO
GJEFODF JOUFSWBM  ದ 
 HSFBUFS UIBO UIF TVN PG CJPNBTT
BDDVNVMBUJPO PG MJBOBT BOE USFFT JO UIF DPOUSPM QMPUT )PXFWFS
UIF PWFSBMM JNQBDU PG MJBOBT PO UIF DBSCPO CBMBODF PG UIFTF GPSFTUT
JT DPOTJEFSBCMZ IJHIFS UIBO UIBU TVHHFTUFE JO QSFWJPVT TUVEJFT 	
 
 BOE JT QSPCBCMZ EVF UP PVS DPNQSFIFOTJWF FYQFSJNFOUBM
BQQSPBDI SBUIFS UIBO BO PCTFSWBUJPOBM POF 	
 BOE PVS GPDVT PO
GPSFTUMFWFM DBSCPO EZOBNJDT SBUIFS UIBO PO USFFGBMM HBQT BMPOF
	

-JBOBT TVCTUBOUJBMMZ BVHNFOUFE GPSFTUMFWFM MFBG QSPEVDUJWJUZ
BOE DIBOHFE UIF SFMBUJWF BNPVOUT PG DBSCPO TUPSFE JO MFBWFT
BOE XPPE 'PSFTUT DBOPQZ QSPEVDUJWJUZ EFDSFBTFE CZ  	
ದ 
 XIFO MJBOBT XFSF SFNPWFE 	'JH B
 XIJDI XBT EVF
QSJNBSJMZ UP UIF EFDSFBTF JO MFBG QSPEVDUJWJUZ 	4*"QQFOEJY 
 5IF
EJGGFSFODF JO MFBG QSPEVDUJWJUZ CFUXFFO UIF SFNPWBM BOE DPOUSPM
QMPUT SFNBJOFE SFMBUJWFMZ DPOTUBOU PWFS UJNF 	∼ EJGGFS
FODF
 JOEJDBUJOH UIBU UIF MPXFS MFBG QSPEVDUJWJUZ XBT OPU UIF SFTVMU
PG USFF DBOPQJFT TUJMM SFDPWFSJOH GSPN QSFWJPVT MJBOB JOGFTUBUJPO
$POWFSTFMZ GPSFTUMFWFM XPPEZ TUFN QSPEVDUJWJUZ JODSFBTFE CZ
NPSF UIBO  	
 BGUFS DVUUJOH MJBOBT 	'JH C
 NPSF
UIBO DPNQMFUFMZ PGGTFUUJOH UIF MPXFS DBOPQZ QSPEVDUJWJUZ 	'JH
D
 #Z JODSFBTJOH UIF DPOUSJCVUJPO PG MFBG QSPEVDUJWJUZ UP BCPWF
HSPVOE OFU QSJNBSZ QSPEVDUJWJUZ GSPN  	 ದ 
 UP 
	 ದ 
 BOE SFEVDJOH UIBU PG XPPEZ TUFN QSPEVDUJWJUZ GSPN
 	 ದ 
 UP  	 ದ 
 UIF QSFTFODF PG MJBOBT
UIFSFGPSF TIJGUT UIF SFMBUJWF DBSCPO JOWFTUNFOU PG GPSFTUT GSPN UIF
QSPEVDUJPO PG QMBOU NBUFSJBMT XJUI B MPOH DBSCPO SFTJEFODF UJNF
	JF EFDBEFT GPS XPPE 	

 UP UIBU XJUI NVDI TIPSUFS DBSCPO
SFTJEFODF UJNFT 	JF MFTT UIBO B ZFBS GPS MFBWFT 	

 5IFSFGPSF
MJBOBT CPUI SFEVDF UIF UPUBM BNPVOU PG DBSCPO GJYFE JO USPQJDBM
GPSFTUT BOE TIJGU UIF DBSCPO UIBU JT GJYFE JOUP BCPWFHSPVOE QMBOU
NBUFSJBM XJUI B TIPSUFS MJGF TQBO XIJDI SFTVMUT JO B NPSF SBQJE
SFMFBTF PG DBSCPO CBDL UP UIF BUNPTQIFSF
8F FYUSBQPMBUFE PVS GJOEJOHT UP JOWFTUJHBUF UIF QPUFOUJBM
FGGFDUT PG MJBOBT PO MPOHUFSN DBSCPO TUPSBHF DBQBDJUZ PG USPQJDBM
GPSFTUT 8F TJNVMBUFE UIF DIBOHF JO CJPNBTT TUPDLT PWFS UIF OFYU
 ZFBST GPS MJBOBGSFF GPSFTUT BOE DPOUSPM GPSFTUT XJUI MJBOBT
QSFTFOU GPSFTUT VTJOH B TJNQMF FYQPOFOUJBM NPEFM UIBU DPOTUSBJOFE
CJPNBTT TUPDLT GPS UIF DPOUSPM QMPUT CBTFE PO UIF LOPXO WBMVFT PG
 ZFBSPME BOE PMEHSPXUI GPSFTUT PO OFBSCZ #BSSP $PMPSBEP
*TMBOE 1BOBNB 	
 8F VTFE UIF NFBTVSFE OFU CJPNBTT BDDV
NVMBUJPO GSPN ZFBS UISFF PG PVS FYQFSJNFOU BT UIF JOJUJBM OFU
CJPNBTT BDDVNVMBUJPO SBUF GPS CPUI USFBUNFOUT 	TFF 4* "QQFOEJY

 5IF TJNVMBUJPO TIPXT UIBU MJBOBT IBWF UIF DBQBDJUZ UP SFEVDF
UIF MPOHUFSN CJPNBTT DBSCPO TUPSBHF DBQBDJUZ JO UIFTF GPSFTUT CZ
∼.H $ IB XIJDI JT FRVJWBMFOU UP B MJBOBJOEVDFE SFEVDUJPO
JO MPOHUFSN CJPNBTT DBSCPO TUPSBHF PG ∼ 1PUFOUJBM MJBOB
JOEVDFE TIJGUT JO USFF TQFDJFT DPNQPTJUJPO BOE JODSFBTJOH MJBOB
CJPNBTT PWFS UJNF BSF OPU JODMVEFE JO UIJT TJNVMBUJPO -POHUFSN
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&IG  "AR PLOTS DENOTINGMEDIAN AND BOOTSTRAP
CONlDENCE INTERVAL OF CANOPY EXCLUDING TWIGS SEE
-ATERIALS AND -ETHODS	 STEM AND TOTAL ABOVEGROUND
PRODUCTIVITY -G HA YR	 OF THE CONTROL N WHITE
BARS	 AND REMOVAL PLOTS N   DARK BARS	 FOR EACH OF
THE THREE YEARS OF THE EXPERIMENT !STERISKS DENOTE
SIGNIlCANCE LEVELS 
   0   

 0 ื 
CJPNBTT DBSCPO TUPSBHFNBZ CF GVSUIFS SFEVDFE JG JODSFBTJOH MJBOB
CJPNBTT JOUFOTJGJFT MJBOBUSFF DPNQFUJUJPO BOEPS JODSFBTFT UIF
QSPQPSUJPO PG USFFT UIBU BSF DPNQFUJOH XJUI MJBOBT -JLFXJTF B
QPUFOUJBM MJBOBESJWFO TIJGU JO USFF TQFDJFT DPNQPTJUJPO NBZ BMTP
BMUFS MPOHUFSN CJPNBTT DBSCPO TUPSBHF JG UIF QSFTFODF PG MJBOBT
MFBET UP BO JODSFBTF JO GBTUHSPXJOH USFFT XJUI MPX XPPE EFOTJUJFT
BT JT QSFEJDUFE 	 
 /FWFSUIFMFTT PVS TJNVMBUJPO QSPWJEFT BO
JOJUJBM DPOTFSWBUJWF FTUJNBUF PG UIF QPUFOUJBM MPOHUFSN FGGFDU PG
MJBOBT PO GPSFTUMFWFM DBSCPO TUPDLT -POHUFSN FYQFSJNFOUBM EBUB
XJMM CF OFDFTTBSZ UP WBMJEBUF UIFTF QSFEJDUJPOT
*O TVNNBSZ VTJOH BO FYQFSJNFOUBM BQQSPBDI XF TIPX UIBU
MJBOBT HSFBUMZ SFEVDF OFU DBSCPO VQUBLF BOE TUPSBHF JO UIJT GPS
FTU CZ SFEVDJOH USFF HSPXUI BOE SFDSVJUNFOU JODSFBTJOH USFF
NPSUBMJUZ BOE TIJGUJOH GPSFTUMFWFM DBSCPO BMMPDBUJPO UP MFBWFT
SBUIFS UIBO XPPEZ UJTTVF *O UIF QSFTFODF PG MJBOBT UIFTF GPSFTUT
BDU BT DBSCPO TJOLT CVU CBTFE PO PVS SFTVMUT UIFZ POMZ SFBDI
∼ PG UIFJS DBSCPO TJOL QPUFOUJBM XIFO DPNQBSFE UP MJBOB
GSFF GPSFTUT -POHFSUFSN EBUB BSF OFFEFE UP BTTFTT XIFUIFS
UIJT JOJUJBM EJGGFSFODF JO DBSCPO TJOL QPUFOUJBM QFSTJTUT PWFS UJNF
/PUXJUITUBOEJOH PVS SFTVMUT JOEJDBUF UIBU EVF UP UIFJS VOJRVF
BUUSJCVUFT MJBOBT IBWF UIF QPUFOUJBM UP TFWFSFMZ SFEVDF CPUI UIF
DBSCPO TJOL QPUFOUJBM BOE MPOHUFSN DBSCPO TUPSBHF DBQBDJUZ PG
USPQJDBM GPSFTUT 8IJMF UIF TUSFOHUI PG UIF MJBOB FGGFDU XJMM WBSZ
XJUI UIF EFOTJUZ BOE CJPNBTT PG MJBOBT UIF JODSFBTF JO MJBOB
EFOTJUZ CJPNBTT BOE QSPEVDUJWJUZ SFQPSUFE JO NBOZ OFPUSPQJDBM
GPSFTUT 	  
 NBZ CF QBSUJBMMZ SFTQPOTJCMF GPS UIF MPOH
UFSN EFDMJOF JO UIF "NB[POJBO DBSCPO TJOL 	
 XIJDI JO UVSO
DPOUSJCVUFT UP JODSFBTJOH BUNPTQIFSJD DBSCPO EJPYJEF MFWFMT BOE
BDDFMFSBUFE DMJNBUF DIBOHF
-ATERIALS AND -ETHODS
3ITE DESCRIPTION AND TREATMENT DESIGN
4HE LIANA REMOVAL EXPERIMENT WAS CARRIED OUT IN 'IGANTE 0ENINSULA IN
0ANAMA WHICH IS LOCATED ON THE MAINLAND WITHIN THE "ARRO #OLORADO .ATURE
-ONUMENT "#.-	 AND ADJACENT TO "ARRO #OLORADO )SLAND "#)	 'IGANTE
0ENINSULA IS COVERED BY A MIX OF EARLY AND LATE SECONDARY SEASONALLY MOIST
LOWLAND FOREST !NNUAL RAINFALL IS  MM RAIN ANNUALLY WITH A DISTINCT 
MONTH DRY SEASON FROM $ECEMBER UNTIL !PRIL WHEN RAINFALL RARELY EXCEEDS
 MM PER MONTH 	
)N  SIXTEEN  X  M  HA	 PLOTS WERE LOCATED IN mORISTICALLY
AND STRUCTURALLY SIMILAR AREAS WITHIN THE∼ YEAROLD FOREST AREA OF 'IGANTE
0ENINSULA )N THE CENTRAL  X  M AREA IN EACH PLOT ALL LIANAS AND TREES ุ
CM WERE MEASURED IN  AND A SECOND TIME IN  IMMEDIATELY BEFORE
LIANA REMOVAL !BOVEGROUND TREE CARBON STOCKS IN THESE  PLOTS AVERAGED
 -G # HA WHICH WAS REPRESENTATIVE FOR OTHER ∼ YEAR OLD FORESTS IN
THE NEOTROPICS  	 4HE FORESTS IN 'IGANTE CONTAINED ONLY  OF
CARBON COMPARED TO OLDGROWTH FORESTS IN !MAZONIA 	 /F ALL TREES ุ
CM DBH IN THE PLOTS  CARRIED LIANAS IN THE CROWN WHICH WAS HIGHER THAN
THE LIANA INFESTATION RATE OF  AND  AT THE OLDGROWTH FORESTS IN
"#) 	 AND 4AMBOPATA 0ERU 	 RESPECTIVELY BUT SIMILAR TO THE SEASONALLY
DECIDUOUS OLDGROWTH FORESTS OF "OLIVIA 	 0LOTS SIMILAR IN LIANA BIOMASS AND
TREE STRUCTURE WERE PAIRED FOR THE PURPOSE OF RANDOMLY ASSIGNING TREATMENTS
EITHER LIANA REMOVAL OR UNMANIPULATED CONTROL	 0RIOR TO LIANA REMOVAL THE
CONTROL AND REMOVAL PLOTS WERE STATISTICALLY INDISTINGUISHABLE IN LIANA BIOMASS
AND LIANA INFESTATION RATE 3) !PPENDIX 	
!LL LIANAS WERE REMOVED IN -ARCH  FROM EIGHT OF THE PLOTS LEAVING
EIGHT UNMANIPULATED CONTROL PLOTS ,IANAS WERE CUT NEAR THE FOREST mOOR
USING MACHETES AND WERE NOT REMOVED FROM THE TREES TO AVOID DAMAGING
TREE CROWNS ,IANA DEBRIS WAS LEFT IN THE PLOTS TO DECOMPOSE 4HE REMOVAL
PLOTS WERE KEPT LIANA FREE BY CUTTING ALL RESPROUTING LIANAS MONTHLY FOR THE
lRST TWO MONTHS AND BIMONTHLY FOR THE NEXT  MONTHS AFTER WHICH LIANAS
WERE NOT RESPROUTING VIGOROUSLY AND PLOTS WERE SUBSEQUENTLY MONITORED AND
RESPROUTING LIANA STEMS WERE CUT EVERY  MONTHS #ONTROL PLOTS WERE VISITED
AT THE SAME FREQUENCY AND INTENSITY AS THE LIANA REMOVAL PLOTS TO AVOID A
VISITATION EFFECT 	
"IOMASS GROWTH RECRUITMENT AND MORTALITY AND STEM PRODUCTIVITY
&OR ALL DICOTYLEDONOUS TREES ุ CM DBH DIAMETER AT  M ABOVE THE
FOREST mOOR OR ABOVE BUTTRESSES	 IN BOTH THE REMOVAL AND THE CONTROL PLOTS
WE INSTALLED DENDROMETER BANDS  CM ABOVE AT $"( OR ABOVE DEFORMATIONS
WHEN NECESSARY	 FOUR MONTHS BEFORE REMOVING LIANAS $IAMETER INCREMENT
WAS MONITORED TWICE YEARLY AT THE BEGINNING OF THE WET AND DRY SEASON USING
ELECTRONIC CALLIPERS 4REE STEM DIAMETER AND DIAMETER GROWTH IN SUBSEQUENT
CENSUSES WAS CALCULATED BASED ON THESE MEASUREMENTS WHILE CORRECTING FOR
STEM CURVATURE
7E CONVERTED THE TREE DIAMETER MEASUREMENTS TO ABOVEGROUND
BIOMASS !'"	 FOR EACH CENSUS USING A REGRESSION EQUATION APPROPRIATE FOR
TROPICAL MOIST FORESTS 	 4REE HEIGHT WAS INFERRED FROM DIAMETER USING
A HEIGHTDIAMETER 7EIBULL EQUATION BASED ON DATA COLLECTED AT 'IGANTE
0ENINSULA SEE 3) !PPENDIX 	 ,OCALLY MEASURED WOOD DENSITY VALUES WERE
AVAILABLE FOR THE MAJORITY OF TREE SPECIES OCCURRING IN OUR PLOTS 	 7OOD
DENSITY VALUESWERE ASSIGNED TO EACH STEMUSING THIS DATABASE OF STEMS	
OR USING THE 'LOBAL 7OOD $ENSITY $ATABASE 	 FOLLOWING THE METHOD OF
,EWIS ET AL 	 WHEN SPECIESSPECIlC WOOD DENSITY DATA WERE NOT AVAILABLE
/NLY  OF THE STEMS WERE NOT REPRESENTED IN EITHER DATABASE AND FOR
THOSE EXCEPTIONAL SPECIES WE USED A SITEBASED AVERAGE WOOD DENSITY OF 
G M 4HE DIAMETER OF ALL LIANAS ุ  CM IN THE CONTROL PLOTS WERE MEASURED
AT THE BEGINNING OF THE WET AND DRY SEASON USING APPROPRIATE LIANA CENSUS
TECHNIQUES  	 $IAMETER DATA WERE CONVERTED INTO !'" USING A LIANA
SPECIlC ALLOMETRIC EQUATION 	
7E COMPUTED WOODY BIOMASS CHANGE OF A GIVEN PLOT PER YEAR AS THE
DIFFERENCE BETWEEN TOTAL !'" BOTH LIANAS AND TREES	 AT THE END OF THE
YEAR AND THAT AT THE BEGINNING OF THE YEAR 7E CALCULATED WOODY BIOMASS
GROWTH AS THE DIFFERENCE IN !'" BETWEEN THE YEARS FOR STEMS THAT WERE
ALIVE BOTH AT THE BEGINNING AND THE END OF THE YEAR 7E CALCULATED WOODY
BIOMASS RECRUITMENT FOR EACH YEAR BY SUMMING THE BIOMASS OF THE NEW STEMS
THAT REACHED THE DIAMETER THRESHOLDS  CM AND  CM FOR TREES AND LIANAS
RESPECTIVELY	 BY THE END OF THE YEAR 7E CALCULATED WOODY BIOMASS MORTALITY
FOR EACH YEAR BY SUMMING THE BIOMASS OF ALL DEAD STEMS OF THE YEAR BEFORE
MORTALITY OCCURRED 4OTAL WOODY STEM PRODUCTIVITY WAS CALCULATED AS THE
SUM OF BIOMASS GROWTH AND BIOMASS RECRUITMENT $UE TO THE SHORT CENSUS
PERIODS ∼ MONTH FOR THE DRY SEASON AND ∼ MONTHS FOR THE WET SEASON	




































































&OOTLINE !UTHOR 0.!3 )SSUE $ATE 6OLUME )SSUE .UMBER 




































































Submission PDF
WE ASSUMED THAT WE MEASURED ALL RECRUITMENT AND MORTALITY EVENTS AND WE
THEREFORE DID NOT CORRECT OUR STEM PRODUCTIVITY ESTIMATES FOR LIANAS OR TREES
THAT MAY HAVE RECRUITED AND SUBSEQUENTLY DIED UNOBSERVED WITHIN A CENSUS
PERIOD 	 4O CONVERT BIOMASS ESTIMATES FROM -G DRY MASS TO -G # WE
USED SPECIESSPECIlC WOOD CARBON FRACTION VALUES FOR  OF THE TREE STEMS
AND AN AVERAGE WOOD CARBON FRACTION OF  FOR THE REMAINDER OF THE
TREES AND FOR THE LIANAS 	
/UR MAIN GOAL WAS TO TEST FOR DIFFERENCES IN ABOVEGROUND NET PRIMARY
PRODUCTIVITY WOODY BIOMASS GROWTH RECRUITMENT ANDMORTALITY BETWEEN THE
TWO TREATMENTS AND NOT TO EXACTLY QUANTIFY THESE PROCESSES AT THE FOREST
LEVEL 7E THEREFORE DID NOT INCLUDE PALMS IN ANY OF CALCULATIONS FOR TWO
REASONS &IRST MATURE PALMS TEND TO GROW APICALLY RATHER THAN IN DIAMETER
	 WHICH MAKES ESTIMATING THEIR GROWTH BY CHANGES IN THEIR DIAMETER
INEFFECTIVE AND HEIGHTMEASUREMENTS WERE NOT AVAILABLE 3ECOND PALMS TEND
TO HAVE LESS LIANA INFESTATION THAN DO TREES 	 AND ARE THEREFORE EXPECTED
TO RESPOND LESS TO LIANA REMOVAL 0ALM BIOMASS WAS SIMILAR IN THE CONTROL AND
REMOVAL PLOTS  s  -G # HA AND  s  -G # HA RESPECTIVELY
AS ESTIMATED BY THE FAMILYLEVEL ALLOMETRIC EQUATION USING $ ONLY 		 AND
THUS IT IS UNLIKELY THAT THE EXCLUSION OF PALMS AFFECTED OUR OVERALL RESULTS
#ANOPY PRODUCTIVITY
)N EACH PLOT WE DEPLOYED lVE  M X  M LITTERFALL TRAPS WITH  MM
MESH    M ABOVE THE GROUND ,ITTER TRAPS WERE SPACED AT LEAST  M APART
AND WERE ARRANGED IN A PATTERN THAT WAS CONSISTENT AMONG PLOTS ,ITTERFALL
WAS COLLECTED MONTHLY STARTING IN THE SECOND MONTH AFTER LIANA CUTTING THUS
EXCLUDING THE INITIAL PULSE OF DEAD LEAVES FROM THE LIANA CUTTING ,EAVES WERE
DRIED AT ∼ r# SORTED INTO DIFFERENT COMPONENTS IN AN AIR CONDITIONED
LAB AND THEN WEIGHED 4HE FRACTIONS INCLUDED LEAVES PLUS PETIOLES mOWERS
FRUITS PLUS SEEDS TWIGS   CM DIAMETER	 AND UNIDENTIlED lNE DEBRIS )N
THE CONTROL PLOTS WE COMBINED TREE AND LIANA LITTER TO ACCOUNT FOR CANOPY
LEVEL PRODUCTIVITY IN A MANNER SIMILAR TO THE LIANA REMOVAL PLOTS 4O CONVERT
LITTER BIOMASS INTO CARBON ESTIMATES WE ASSUMED A LITTERFALL CARBON FRACTION
OF  	 WHICH WAS BASED ON ∼ LEAF SAMPLES FROM ACROSS THE
!MAZON 7E DID NOT ATTEMPT TO CORRECT THE LITTERFALL MEASUREMENTS FOR
LOSSES DUE TO HERBIVORY BRANCH FALLS AND BIOGENIC ORGANIC COMPOUNDS NOR
DID WE ACCOUNT FOR PALM LITTER &OR BOTH TREATMENTS WE ASSUMED THAT THE
mUX OF CARBON INTO CANOPY PRODUCTIVITY EQUALLED THE mUX OF CARBON OUT
OF IT IE THE AMOUNT OF ABOVEGROUND NET PRIMARY PRODUCTIVITY ALLOCATED
ANNUALLY TO THE CANOPY SHOULD BE EQUAL TO THE LITTERFALL (OWEVER AS A
RESULT OF THE LIANA CUTTING ITSELF LITTERFALL IN THE LIANA REMOVAL PLOTS WAS
INITIALLY HIGHER DUE TO INCREASED LITTER OF DEAD LIANA TWIGS 3) !PPENDIX 	
WHICH VIOLATED THE ABOVEMENTIONED ASSUMPTION FOR THE lRST  YEAR OF THE
EXPERIMENT .ONETHELESS TWIG LITTERFALL IN THE LIANA REMOVAL PLOTS DECREASED
TO LEVELS SIMILAR TO THAT IN THE CONTROL PLOTS APPROXIMATELY  YEAR AFTER
LIANA CUTTING AND THUS INCLUDING TWIG LITTERFALL IN TOTAL CANOPY PRODUCTIVITY
ESTIMATES IN YEAR  DID NOT CHANGE THE PATTERNS FOUND 3) !PPENDIX 	 4O
FACILITATE COMPARISON BETWEEN ALL YEARS OF THE EXPERIMENT WE THEREFORE
PRESENT ESTIMATES OF CANOPY PRODUCTIVITY EXCLUDING THE TWIG COMPONENT FOR
BOTH THE LIANA REMOVAL AND THE CONTROL PLOTS IN THE MAIN TEXT
3TATISTICAL ANALYSIS
7E QUANTIlED THE DIFFERENCES IN ABOVEGROUND NET PRIMARY PRODUCTIVITY
AND BIOMASS DYNAMICS BETWEEN LIANAFREE FORESTS REMOVAL	 AND THOSE WERE
LIANAS WERE PRESENT CONTROL	 7E ACCOUNTED FOR THE UNCERTAINTY IN THE DI
AMETER DENDROMETER AND LITTERFALL MEASUREMENTS IN OBTAINING THE DIFFERENT
BIOMASS METRICS IE GROWTH MORTALITY RECRUITMENT NET CHANGE OR !.00	
USING BOOTSTRAPPED CONlDENCE INTERVALS USING A -ONTE #ARLO BOOTSTRAP
APPROACH  	 4HE INITIAL DIAMETER OF EACH TREE AND THE DIAMETER OF LIANAS
IN EACH CENSUS IN EACH PLOT WERE RANDOMLY VARIED USING A NORMAL DISTRIBUTION
WITH A STANDARD ERROR OF  CF 	 4REE DIAMETERS IN SUBSEQUENT CENSUSES
WERE CALCULATED BY ADDING A RANDOMLY SELECTED VALUE OF DENDROMETER GROWTH
FROM A NORMAL DISTRIBUTION WITH A STANDARD ERROR OF  CF 	 TO THE
INITIAL TREE DIAMETER 4HE RESULTING DIAMETERS FOR EACH CENSUS WERE THEN USED
TO CALCULATE TREE HEIGHT AND SUBSEQUENTLY BIOMASS FOR EACH TREE AND EACH
PLOT 7E USED A SIMILAR METHOD FOR CANOPY PRODUCTIVITY ESTIMATES BUT WITH
PRODUCTIVITY VALUES FOR EACH LITTERFALL CATEGORY FOR EACH PLOT AND EACH CENSUS
DRAWN AT RANDOM FROM A NORMAL DISTRIBUTION USING THE MEAN AND STANDARD
VARIATION BASED ON THE DATA FROM THE lVE LITTERFALL TRAPS
7E USED THIS APPROACH TO CALCULATE  REALIZATIONS OF THE BIOMASS
METRICS FOR ALL  PLOTS AND THEN USED AN ADDITIONAL BOOTSTRAP APPROACH USING
 ITERATIONS TO CALCULATE THE MEAN OF THE BIOMASS METRICS PER TREATMENT
AND PER CENSUS AND THE DIFFERENCE IN MEANS BETWEEN THE TREATMENTS FOR
THE RELEVANT BIOMASS METRIC FOR EACH OF THOSE REALIZATIONS 4HIS RESULTED IN
 ITERATIONS OF THE MEAN FOR EACH METRIC FOR EACH TREATMENT WHICH
WERE THEN USED TO CALCULATE THE MEDIAN UPPER AND LOWER BOUNDARIES OF
THE  CONlDENCE INTERVAL AS THE   AND  PERCENTILE RESPECTIVELY
$IFFERENCES IN BIOMASS OR PRODUCTIVITY ESTIMATES BETWEEN THE REMOVAL AND
CONTROL TREATMENTS WERE CONSIDERED SIGNIlCANT WHEN THE CONlDENCE INTERVAL
OF THE DIFFERENCE DID NOT INCLUDE ZERO !LL BIOMASS AND PRODUCTIVITY ESTIMATES
WERE CONVERTED INTO -G # HA YR !LL ANALYSES WERE CARRIED OUT IN 2
 	 4HE DIAMETER AND BIOMASS DATA FOR ALL LIANA AND TREE STEMS
AND THE LITTERFALL MEASUREMENTS ARE AVAILABLE IN THE $RYAD $ATA 2EPOSITORY
HTTPSDATADRYADORG	 4HE 2SCRIPT USED TO CALCULATE THE MEDIAN BIOMASS
VARIABLES AND MEAN STEM CANOPY AND TOTAL NET PRIMARY PRODUCTIVITY FOR EACH
TREATMENT ARE PROVIDED IN 3) !PPENDIX 
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